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Abstract 



Extensions of the Standard Model may have significant effects on B 
physics observables. Two examples of methods that may find such effects 
are reviewed: Resolving discrete ambiguities in CP asymmetries and detect- 
ing right handed currents in radiative B decays. 
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1 Introduction 



The ultimate goal of the B physics program is to find inconsistencies within 
the Standard Model (SM) [p]], in particular, to find indications for new physics 
in the flavor and CP violation sectors. Therefore, we should maximize our 
ability to detect such effects, should they occur. It is the purpose of this 
talk to describe some ideas in this direction. These ideas emerge from a 
model independent approach, namely, to look for inconsistencies within the 
SM in as many ways as possible. In general, new physics can modify the 
SM effective operators and create new ones that are absent in the SM. In 
particular, it can add new CP violating phases and significantly modify the 
flavor changing neutral current operators. 

Some of the SM predictions, however, cannot be significantly modified by 
new physics. It is likely that new short distance physics does not significantly 
change the SM prediction that decay amplitudes that involve the spectator 
quark, for example, Bd — > D S K, are small. It is also unlikely for new physics 
to significantly modify amplitudes that are large in the SM. For example, 
CKM unsuppressed tree level decays, e.g. b — > cud, are likely to be dominated 
by the SM amplitude. Generically, we expect new amplitudes to be significant 
only when they compete with loop or highly CKM suppressed SM amplitudes. 

Thus, in order for an observable to provide a useful probe of new physics 
the following three conditions have to be satisfied: 

• it should be practically measurable; 

• it should have small SM uncertainties; 

• it is likely to be sensitive to new physics. 

Clearly, an impractical to measure observable is not a good candidate for 
new physics searches. Similarly, an observable that within the uncertainties 
of the SM can assume any value, is not sensitive to new physics effects. For 
example, the measurement of sin 2a, which is very important within the SM 
framework, is not very sensitive to new physics due to the large uncertainties 
in its value within the SM. Finally, we like to look for observables where 
new physics effects are likely to occurs. Ideally, we like to test all the SM 
predictions. In practice, however, we cannot do it, and in many cases we 
have to assume the SM. For example, it is very unlikely that new physics 
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will change the SM prediction that the CP asymmetries in B — > i/jKs and 
B — > ipKL are opposite in sign. Therefore, the two data samples are combined 
to enlarge the statistics. 

In this talk we give two examples, resolving discrete ambiguities and 
searching right handed currents in B — > 57 decays, that roughly satisfy the 
above conditions and thus can be used to search for new physics. 

2 Resolving discrete ambiguities 

If we assume CKM unitarity there are two independent angles in the "uni- 
tarity triangle", both of which are related to the underlying non-zero phases 
of CKM matrix elements. We take them to be a and (3 and we use the defini- 
tion 7 = 7r — (3 — a. In B factory experiments we seek to measure quantities 
that, in the absence of physics from beyond the SM, are simply related to 
these angles. Ignoring for the moment the effects of subleading amplitudes, 
time dependence CP violating asymmetries are proportional to sin 20 where 
is one of the angles of the unitarity triangle. In particular, the first two CP 
asymmetries to be measured are likely to be in B — ► ipKs which measures 
sin 2/5, and in B — > 7r + 7r~ which measures sin 2a. 

However, a measurement of sin 20 can only determine the angle up to 
a four fold ambiguity: {0, n/2 — 0, n + 0, 3tc/2 — 0} with the angles defined 
by convention to lie between and 2ir. Thus, with two independent angles, 
there can be a priori a total 16 fold ambiguity in their values as determined 
from CP asymmetry measurements. These ambiguities can limit our ability 
to test the consistency between the measured value of these angles and the 
range allowed by other measurements interpreted in terms of the SM. Within 
the SM, the present data on the CKM matrix imply that 2(5 is in the first 
quadrant (0 < (3 < vr/4), that < a < tt, and that there is a correlation 
between the values of a and (3 Thus, among the 16 possible solutions 
at most two, and probably only one, will be found to be consistent with SM 
results. Namely, the SM can predict the values of (3 and almost always of a 
once sin 2(3 and sin 2a are measured. 

In the presence of physics beyond the SM the values of the "would be" 
a and (3 extracted from asymmetry measurements may not fall within their 
SM allowed range. Such new physics cannot be detected if the values of the 
asymmetry angles happen to be related via the ambiguities to values that do 
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overlap the SM range. Clearly, the fewer ambiguous pairings that remain, 
the better our chance of recognizing new physics should it occur. 

In order to resolve these ambiguities in addition to the values of sin 20, 
only the signs of cos 20 and sin0 for both = a and = (3 need to be 
determined. These four signs resolve the ambiguities completely: sign(cos 20) 
is used to resolve the — > n/2 — ambiguity and sign(sin0) is used to 
resolve the —>■ n + ambiguity. Several measurements which can determine 
sign(cos20) have been proposed ||. Uncertainties in calculation of hadronic 
effects do not affect the interpretations of these measurements, although 
they do depend on the known value of hadronic quantities such as the width 
and the mass of the p. The determination of sign(sin0), however, cannot be 
achieved without some theoretical input on hadronic physics. Quantities that 
are independent of hadronic effects always appear as the ratio of a product 
of CKM matrix elements to the complex conjugate of the same product. 
Such pure phases are thus always twice the difference of phases of the CKM 
elements. Any observable that directly involves a weak phase difference of 
two CKM elements, 0, (rather than 20) also involves hadronic quantities 
such as the ratio of magnitudes of matrix elements and the difference of their 
strong phases. Thus, in order to determine the sign of sin a or sin (3 some 
knowledge about hadronic physics is required. 

Below we give two examples of ideas that can be used to resolve discrete 
ambiguities. 

2.1 Cascade mixing and the sign of cos 2/3 

In the first example we explain how to determine sign(cos 2(3) based on cas- 
cade mixing [Q, ||. The standard CP asymmetry in B — > ipKg is sensi- 
tive to sin 2(3. The reason is that the asymmetry is generated by an in- 
terference between the Bh — > ?pKs and Bl — > 4>Ks decay amplitudes. 
[Bh (Bl) is the heavy (light) mass eigenstate.] One of the amplitudes is 
proportional to sin (3 and the other to cos (3. The interference is propor- 
tional to their product, namely to sin 2(3. Sensitivity to cos 2(3 arise when 
two amplitudes that are proportional to sin (3 (or cos (3) interfere. [Recall 
cos 2 /? = 1 — sin 2 /5 = (1 + cos 2(3) /2.} The idea of M is to use interferences 
between the B — > ipK^ and B — > ipK$ decay amplitudes. Then, there are a 
total of four amplitudes, two that are proportional to sin (3 and two that are 
proportional to cos (3. When all the four amplitude interfere, there are terms 
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that are proportional to cos 2 (3 and sin 2 (3. 

The problem is that we cannot use the full B — > ipK sample. We cannot 
use events where the kaon decay into a final state that identifies its mass. 
For example, we identify a kaon that decays at time ^ > l/r^ as a Kl- 
[T s is the K s width.] For such decays there are no K L - K s interferences. 
The effects of Kl - Ks interferences can be seen only in events where the 
kaon decays into a final state that is common to both Kl and Kg- The best 
candidates are semileptonic decays. As long as tx < 1/Ts there is significant 
interference between the Kl and the Ks components. The time dependence 
of the decay chain is given by || 

T(B(B) -> if)(ir~£ + v)) oc e" rstfl [e~ TstK [1 q= sin2/3sin(Am B t B )] + 
e -r L t K ^ ± s i n 2(3sm(Am B t B )} ± 2e~^ {TL+Ts)tK 

[cos(Amsts) cos(ArriKtk) + cos 2 (3 sin( Am Btp.) sh^Am^A:)]} , (1) 

where tp (tx) is the time where the B (K) decay and T s (r L ) is the K s 
(Kl) width. Note the term that is proportional to cos 2/3. It is this term 
that enables us to resolve the discrete ambiguity. 

2.2 B -> ipK s vsB^ D+D- 

In the second example we explain how to determined sign(sin (3) by comparing 
the CP asymmetries in B — > ipKs and B — > D + D~ . We can write any 
decay amplitude as a sum of two amplitudes : a tree-dominated amplitude 
At, and a penguin-only amplitude, Ap, with a different weak phase. Then, 
we define r = Ap/A?- In the case of the angle (3 we have one class of 
measurements, from b ccs processes such as B — ► ipK$, that have very 
small r. For these channels the CP asymmetry measurement determines (3 
up to the usual four-fold ambiguity 

a^Ks = ~ sin 2(3. (2) 

The other class of measurements is from h —>■ ccd decays such as B — > D + D~ . 
In this case we expect r to be significant. To leading order in r we get 

a D+ d- — si n 2/3 — 2r cos 2f3 sin (3 cos 5. (3) 
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where 5 is the strong phase difference between At and Ap. Comparing Eqs. 
(D and (|) we find 



a-ipKs + a D+D 



2r cos S (cos 2/3 sin 0) . 



(4) 



It is clear from this expression that we can fix the sign of sin (5 only if we 
know the sign of cos 2/3 and, in addition, the sign of r cos 5. We assume 
the first of these can be determined experimentally by one of the methods 
mentioned before. Currently, there is no reliable way to determine the sign of 
r cos 5. In order to proceed, we must assume a model for hadronic calculation. 
Assuming factorization and that the top penguin is dominant, we get r < 0. 
Within the factorization approximation the relevant strong phases (almost) 
vanish, so that 5 ~ 0, and hence the sign of r cos S is given by the sign of r. 
Assuming r cos 5 < as given by the factorization calculation we get 



Note, in particular, that the SM predicts cos 2/3 sin (3 > 0, and therefore also 
that the asymmetry in D + D~ is smaller in magnitude than the asymmetry 
in ipKs (and opposite in sign). 

3 Right handed currents in b —> 57 decays 

The measurements of both exclusive and inclusive b — > decay rates are in 
good agreement with the SM predictions. This still leaves open the possibility 
that new physics could be present, but it manifests itself only in the details of 
the decay process. For example, the SM predicts that the photons emitted in 
b — > S7 decays are predominantly left-handed. This property does not hold 
true in extensions of the SM such as the left-right symmetric models, and 
therefore, can be used to signal the presence of new physics. Unfortunately, 
in B — ► K*^j decay all photon polarization information contained in the final 
hadron is lost. Therefore, other ways have to be used in order to extract this 
information. Here be summarize four different ways that have been proposed. 

Measuring mixing-induced CP asymmetries in the inclusive b — > 57 decay 
was proposed as an indirect method for probing photon polarization effects 
in [0. Since both B and B must decay to a common final state, the resulting 
asymmetry measures the interference of right- and left-handed photon ampli- 
tudes. As the SM predicts a very small right-handed admixture of photons 



sign(a^ s + a D + D ~) = sign (cos 2/3 sin/?). 



(5) 
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in b — > 57 decays, a large mixing-induced CP asymmetry is a signal of new 
physics. In || the At — > A7 decay was studied. Since the decaying particle 
is a fermion, the photon polarization information can be indirectly extracted 
using the A polarization. 

Another way of measuring the photon polarization in the exclusive B — > 
V7 decay makes use of the conversion electron pairs formed by the primary 
photon. Electron-positron pairs from photons that were produced in the 
inner part of the detector can be traced and their production plane can be 
reconstructed with high accuracy. The angular distribution in the relative 
angle of the K* — > Kn decay plane and that of the conversion pair can be 
used to determine the helicity amplitudes in the B — > decay |§ . Actually, 
the photon does not have to be on shell. The photon can be off shell and we 
can use the corresponding direct decay B — > Ve + e~ in the region where the 
dilepton invariant mass is close to the threshold since there photon exchange 
dominates the decay fT0|| . 

4 Conclusions 

Many B physics measurements are aimed to study SM parameters. These 
measurements also be used to look for physics beyond the SM since by over- 
constraning the unitarity triangle we may be lucky to find indications for 
new physics. The measurements we mentioned in this talk, as well as many 
others, belong to a different class. They are aimed to look for new physics 
effects. They try to confirm SM predictions: that cos 2(3 is positive, that the 
photon in b — > 57 is left handed, that the semileptonic CP asymmetry in B s 
decays is very small, and many other. Since a major goal of the B physics 
program is to look for new physics it is important to find and carry out this 
kind of measurements. 
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